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(57) ABSTRACT

The mvention relates to an instrument for treating biological
tissue, mcluding a housing, 1n which 1s disposed a ballistic
device for generating extracorporeal shock wave-like pres-
sure waves and a transfer element permanently placed on the
biological tissue, said element coupling the pressure waves
into the body of living creatures, wherein the transfer element
couples non-focused, ballistically generated, shock wave-
like pressure waves 1nto the biological tissue, the waves gen-
erated by a striking member that 1s accelerated to a high final
velocity of over 5 m/s by a pneumatic medium which 1s under
an operating pressure 1n a pressure channel. A quick-acting
valve releases the pneumatic medium, which 1s under work-
ing pressure, ito the pressure channel, wherein a control
circuit controls the duration of opening of the valve as a
function of at least one or a combination of the following
parameters: working pressure, impact frequency or pressure
in the back-pressure chamber.

12 Claims, 3 Drawing Sheets
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INSTRUMENT FOR TREATING
BIOLOGICAL TISSUE, METHOD FOR
GENERATING SHOCK WAVE-LIKE
PRESSURE WAVLES IN SUCH AN
INSTRUMENT

RELATED APPLICATIONS

This application 1s the U.S. national stage application
which claims priority under 35 U.S.C. §371 to International
Patent Application No.: PCT/EP2009/064362 filed on Oct.
30, 2009, which claims the benefit of priority under 35 U.S.C.
§119, to European Patent Application No.: 08168076.1, filed
on Oct. 31, 2008, the disclosures of which are incorporated by
reference herein their entireties.

The 1mnvention refers to an instrument for the treatment of
biological tissue and to a method for generating shock wave-
like pressure waves 1n such an instrument.

Such instruments are known from WO9857707 and serve
to accelerate the healing process of bone fractures, enthesio-
pathies, tendopathies, but also 1n cases of periodontitis, using,
shock wave-like non-focused pressure waves. Another field
of application 1s pain therapy 1n the soft tissue regions of the
musculoskeletal system near bones.

Other known pressure pulse sources serving the same
therapeutic purposes use focused shock waves and can be
elfective only 1n the very limited focal region. For a satisiac-
tory therapy result, however, the entire region of a bone frac-
ture has to be treated uniformly with sound waves. This
requires a complex moving mechamsm for the pressure pulse
source and a positioning system to be able to set the focus
onto the treatment site. The positioning systems that are used
during the treatment to localize the treatment site (ultrasound
and x-ray) are unable to concretely indicate the source of pain
and the attending doctor irradiates the presumed source of
pain with a large number of single pulses. However, such an
approach 1s very time-consuming because the treatment posi-
tions have to be retrieved repeatedly.

The generic instrument for the treatment of biological tis-
sue of a human or an animal body, known from WO9857707,
comprises a shock wave generator generating non-focused
shock waves or shock wave-like pressure waves that, 1n a
simple and cost-effective manner, allow for a uniform energy
distribution of the pressure waves over a large-surface etiec-
tive area. To achieve this, a housing 1s provided with a ballistic
means for generating extracorporeal shock wave-like pres-
sure waves and a transier element that 1s permanently placed
on the biological tissue during operation and couples the
pressure waves into the body of living beings. The transier
clement couples non-focused ballistically generated shock
wave-like pressure waves into the biological tissue. The pres-
sure waves are generated by a reciprocating striking member
accelerated to a high final velocity and striking on the transfer
clement. The striking member 1s accelerated to a velocity of
more than 5 m/s by a pneumatic medium under working,
pressure. The front part of the pressure channel 1s connected
to a back-pressure chamber into which the pneumatic
medium located distally 1n front of the striking member can
flow as the striking member 1s accelerated towards the trans-
fer element.

The ballistic means for generating shock wave-like pres-
sure waves comprises a striking member guided 1n a housing
and adapted to be reciprocated by means of a pneumatic drive
means, wherein the striking member exerts one or a plurality
of impulses on the transier element and, due to the impulses,
induces shock wave-like pressure waves into the almost
immobile transter element, which propagate to the tip of the
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transier element. The pressure waves with their high pressure
peak values are thus generated ballistically 1n a simple man-
ner. When compared with pressure wave generators using
focused shock waves, the pressure waves obtained with a
system as above reach similar characteristic values with
respect to rise time, maximum pressure peak and energy tlow
density. The non-focused pressure wave propagates radially
in the biological tissue to the application site.

Essential advantages of the instrument are that the nstru-
ment has a simple, low-cost structure whose manufacturing
costs are low compared to known pressure wave generators
for focused shock waves. The medical instrument 1s realized
as a small portable device that 1s easier to apply and can be
placed on the body portion to be treated without any encum-
brance. The device requires no consumables and 1n particular
no positioning devices, since the treatment region 1s close to
the probe tip.

It 1s a purpose of the known mstrument not to focus the
shock wave-like pressure waves and to thereby allow these to
be coupled 1n over a large surface.

Thus, a positioning system can be omitted. The instrument
1s particularly suitable for treatments where the probe tip can
be placed on the body surface very closely to the application
site, as 1t 1s the case, for instance, with tennis elbows, calca-
neal spurs or also with diseases of the skin.

It 1s an object of the mvention to develop the mstrument
mentioned above and a method for generating shock wave-
like pressure waves such that 1t 1s possible to couple 1n a
higher pressure wave energy without enlarging the instru-
ment and without increasing the working pressure, and to
increase the striking frequency.

The mvention advantageously provides that a quick-action
valve releases the pneumatic medium under working pres-
sure, wherein a control circuit controls the opening time of the
valve as a function of one or a combination of the following
parameters, 1.¢. the parameters of working pressure, striking,
frequency or pressure in the back-pressure chamber.

Using a control circuit for a quick-action valve, the mven-
tion makes 1t possible to increase the energy of the shock
wave-like pressure waves that can be coupled 1n, and thus to
increase the pressure peak values of the pressure waves, with-
out enlarging the dimensions of the instrument or to signifi-
cantly increase the pneumatic working pressure for the bal-
listic means. Another advantage 1s the increase 1n the striking
frequency of the individual impact pulses caused by the strik-
ing member, so that the treatment time can be shortened. A
shortening of treatment time 1s more pleasant to the patient.
The control circuit controls the opening time of the valve as a
function of the working pressure applied or a preset striking
frequency or the pressure 1n the back-pressure chamber, so
that the pressure build-up and the use of the available working
pressure in accelerating and returning the striking member
can be optimized. The pneumatic energy available can be
used with 40% more efficiency. Another advantage of such a
control 1s the possibility of setting the strength of each 1ndi-
vidual striking impulse such that 1t only depends on the work-
ing pressure selected and does not change even for different
striking frequencies. In other words: the control of the present
invention guarantees that the striking intensity 1s constant for
high striking frequencies.

Controlling the opening period and the opening and clos-
ing times 1s advantageous 1n particular at high striking fre-
quencies 1 order to make efficient use of the prevailing
working pressure and to optimally accelerate the striking
member with the existing pneumatic energy.

As an alternative it may be provided that a quick-acting
valvereleases the pneumatic medium under working pressure
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in dependence on the striking frequency set, an opening in the
back-pressure chamber limiting the pressure building up in
the back-pressure chamber. The opening has a small diameter
compared to the volume of the back-pressure chamber, so that
not all of the pressurized air in the back-pressure chamber can
escape at once, but a certain back-pressure 1s maintained for
a certain time.

The opening 1n the back-pressure chamber connects the
back-pressure chamber either with atmosphere or with a fur-
ther chamber that may also be configured as a pressure stor-
age. In this context, an embodiment 1s particularly preferred
in which the chamber 1s a pressure storage with elastic walls.
Here, the opening 1n the back-pressure chamber forms a sort
of throttle.

The opening 1n the back-pressure chamber, which connects
to atmosphere, may be formed by a narrow orifice or a valve,
in particular a pressure relief valve.

Accordingly, the object may also be achieved 11 the pres-
sure 1n the back-pressure chamber 1s changed during pressure
build-up. Since the pressure building 1n the back-pressure
chamber can interfere with an optimal acceleration of the
striking element, an optimization 1s also possible if the mag-
nitude of the back-pressure can be limited or controlled.

The pressure in the back-pressure chamber may be con-
trolled by means of an adjustable or controllable or drivable
pressure relief valve.

With a controllable valve, the pressure 1n the back-pressure
chamber can be controlled 1n dependence on at least one of or
a combination of the following parameters, namely the
parameters of working pressure, striking frequency and pres-
sure 1n the back-pressure chamber.

Using such a pressure relief valve can prevent the occur-
rence of too high a back-pressure 1n the back-pressure cham-
ber. The pressure relief valve may be adjustable to a defined
limit value or 1t may be variably controllable 1n dependence
on predetermined parameters.

The quick-action valve 1s preferably integrated in the hous-
ing. Arranging the quick-acting valve in the housing allows
for short connecting paths to the pressure channel or the
back-pressure chamber.

The short connecting paths guarantee for a fast pressure
build-up, in particular in the pressure channel, so that an
energy-elficient use of the prevailing working pressure 1s
possible.

In a preferred embodiment, the quick-action valve releases
the pneumatic medium from an intermediate storage inte-
grated 1n the housing, the storage builering the medium at a
predetermined working pressure. The intermediate storage 1s
connected to the supply pressure of a pressure source, the
pressure 1n the intermediate bulfer being set to a pre-settable
or controllable working pressure.

The intermediate storage 1s preferably arranged near the
valve.

Similarly, the arrangement of the intermediate storage near
the valve also results in short connecting paths with little
pressure loss so that the pneumatic medium present at work-
ing pressure in the imtermediate storage can be introduced
into the pressure channel with practically no pressure loss.
Due to the short connecting paths, pressure can build up faster
in the pressure channel.

The intermediate storage may be arranged near the pres-
sure channel and may be pneumatically connected to the
pressure channel via the valve and through a connecting con-
duit that 1s shorter than the length of the pressure channel or
short with respect to the length of the pressure channel.

As an alternative to the arrangement within the housing of
the instrument, the intermediate storage may also be arranged
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in the pneumatic medium supply conduit that connects the
housing or valve with the pneumatic drive means (pressure
source). In this context, the pneumatic drive means preferably
1s a compressor with a pressure storage.

The valve has switching times of less than 5 ms, preferably
less than 3 ms. Short switching times of the valve are neces-
sary to obtain high striking frequencies. Switching times of 1
ms and less are preferred.

In an alternative embodiment, 1t may be provided to pres-
surize the back-pressure chamber for the return movement of
the striking member.

It may also be provided that a second valve releases a
pneumatic pressure into the back-pressure chamber to cause
the return movement of the striking member.

According to another embodiment, a respective intermedi-
ate storage may be provided for the pressure channel and for
the back-pressure chamber.

Preferably, 1t 1s provided that a single valve controls the
forward and the return movement of the striking member.

The volume of the at least one intermediate storage 1s
preferably at least half the volume of the pressure channel or
at least half the volume of the pneumatic means needed 1n a
stroke of the striking member. The volume of the intermediate
storage 1s thus adapted to the volume necessary for the accel-
eration of the striking member. Tests have shown that a high
working pressure available 1n the first half of the acceleration
phase already results 1n significantly higher final velocities of
the striking member. When the intermediate storage 1s further
enlarged, the final velocity of the striking member only
increases slightly. It 1s essential that the pressure medium 1n
the intermediate storage can be connected with the pressure
channel via a short path, so that the pressure build-up can
occur quickly enough. Since the intermediate storage 1s con-
nected with a pressure vessel of the pneumatic drive means,
which 1s at working pressure, 1t 1s guaranteed that the inter-
mediate storage 1s refilled quickly enough, so that the work-
ing pressure in the pressure channel can be maintained until
the closing signal for the control of the valve.

In another embodiment, a change-over valve can alter-
nately supply working pressure from the at least one interme-
diate storage to the pressure channel or the back-pressure
chamber.

Further, a change-over valve may also alternately open the
pressure channel or the back-pressure chamber to atmo-
sphere.

In this case, the working pressure may be relieved from
pressure channel after acceleration of the striking member
and the back-pressure chamber may also be relieved from
pressure after the striking member has returned to 1ts home
position.

In an alternative embodiment a change-over valve may
alternately supply pressure to the pressure channel or the
counter-pressure channel.

Here, a pressure storage and a vacuum storage may be
provided, a change-over valve alternately connecting the stor-
ages with the pressure channel or the back-pressure chamber.

The at least one pressure storage of all embodiments may
have elastic walls. In this case, the pressure storage resembles
a sort of balloon. Thereby, the back-pressure in the back-
pressure chamber 1s slightly dependent on the position of the
striking member along the pressure channel. In any case, the
pressure increase in the back-pressure chamber 1s less steep 1
clastic walls are provided. An elastic wall 1n a pressure stor-
age could also be formed by a piston 1n a piston/cylinder unit,
which works against a spring.

In a method for controlling a striking member 1n an 1nstru-
ment for the treatment of biological tissue, it 1s possible either
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to control the opening period of a quick-action valve as a
function of at least one parameter or a combination of the
following parameters, 1.¢. the working pressure or the striking
frequency or the pressure 1n the back-pressure chamber, or to
limit the pressure building up 1n the back-pressure chamber.
This may also be done 1n dependence on at least one or a
combination of the following parameters, namely the param-
eters of working pressure, striking frequency and pressure 1n
the back-pressure chamber. Controlling the quick-action
valve with respect to opening times and/or opening periods
may also be provided 1n the latter alternative.

It 1s advantageous especially in orthopedic applications to
couple a plurality of pressure waves into the biologic tissue so
as to achieve an optimal effect. Therefore the ballistic means
1s preferably configured such that a periodic reciprocating
movement of the striking member 1s possible. The striking
frequency 1s up to S0 Hz, preferably up to 60 Hz.

Between the probe tip and the coupling site on the biologi-
cal tissue, an impedance adjustment medium can be provided
that enhances the coupling of the pressure wave into the
biological tissue. A suitable pasty impedance adjustment
medium 1s an ultrasound gel, for instance, or another pasty
mass such as petrolatum.

The length of the transter element may range from about 20
to 100 mm. An adaptation to a desired treatment can be
achieved by means of different and exchangeable transfer
clements.

The following 1s a detailed description of the invention
with reference to the drawings.

In the Figures:

FIG. 1 1s a cross section of the instrument,

FIG. 2 1llustrates the instrument of FIG. 1 in another
switching position of the valve, and

FI1G. 3 illustrates a second embodiment of the instrument.

The medical instrument allows the treatment of biological
hard and soft tissue, 1n particular for healing bone ailments
such as bone fractures, enthesiopathies, tendopathies, but also
in cases of periodontitis, as well as for pain therapy 1n the soft
tissue regions of the musculoskeletal system near bones, by
coupling ballistically generated, non-focused pressure waves
into the biological tissue via a transier element 2 that 1s blunt
at the body contact surface.

The hand-held device 1s formed by a housing 4 accommo-
dating a pressure channel 6 1n which a striking member 10 1s
reciprocated between two end positions by means of pneu-
matic driving means 14 1n combination with a back-pressure
chamber 8 that surrounds the pressure channel 6 1n a coaxial
annular manner, for instance. For a pneumatic drive, the
acceleration path 1s about 100 to 250 mm 1n length.

In the proximal end position of the striking member 10, a
magnetic holder and/or a, possibly elastic, stop element 27
may be provided at the proximal end 20 of the pressure
channel 6. A magnetic holder can retain the metal striking
member 10 at its proximal end position until a valve again
releases pneumatic pressure applied via the connection 32,
and accelerates the striking member 10 towards the distal end
18 of the pressure channel 6. The air located 1n front of the
striking member 10, seen 1n the direction of movement of the
striking member 10, 1s introduced into the back-pressure
chamber 8 via openmings 46 at the distal end 18 of the pressure
channel 6.

Due to the acceleration of the striking member 10 the same
strikes on an end face 26 of the transfer element 2, situated
distally in front of the pressure channel 6, with a high ballistic
final velocity of more than 5 m/s, for example. The transfer
clement 2 has a planar or curved contact surface 24. The
striking member 10 exerts one or a plurality of impulses on
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the transfer element 2 which transmits the pressure waves
induced into the transier element 2 by the striking member 10
to the contact surface 24, where they are coupled imnto a
biological tissue.

The transier element 2 1s guided linearly 1n the housing 4,
and preferably coaxially to the striking member 10. The hous-
ing 4 has a head part 5 that can be unthreaded to change the
transier element 2. The transfer element 2 1s supported 1n a
bore of the head part 5 and may be sealed by means of a
non-illustrated O-ring seal at the front portion of the head part
5. An annular bead 3 of the transier element 2 serves as a stop
clement, with a spring/damper element 30 being arranged
between the annular bead 3 of the transier element 2 and the
head part 5 of the housing 4, which spring/damper element
decouples the transier element 2 from the housing 4 in the
axial direction. For a coupling of the pressure wave into the
biological tissue, shifting the transfer element 2 1s not neces-
sary and mostly unwanted so as to avoid injuries.

When the pressure present at the pneumatic connection 32
disappears, the back-pressure building up in the back-pres-
sure chamber 8 1s suilicient to return the striking member 10
from the distal end position at the transier element 2 to the
proximal end position. The pneumatically controllable pres-
sure at the connection 32 may be up to 6 bar, for instance,
preferably 4 bar. In order to adapt to certain lengths of the
transier element 2 or to generate a certain characteristic of the
pressure wave, the striking member 10 may be chosen with
different lengths, masses and maximum impact velocity, and
they are easily changed by unthreading the head part 5. Typi-
cal maximum pressure values at the tip of the transter element
2 are between 2 and 25 MPa with rise times 01 0.5 to 3 us and
energy flow densities between 0.05 and 0.6 mJ/mm”.

The proximal end face 26 of the transier element 2 may
have about the same diameter as the striking member 10. The
length of the striking member 10 1s preferably larger than 1ts
diameter. Thereby, better guiding characteristics are achieved
in the pressure channel 6. Moreover, the use of different
lengths makes 1t possible to vary the mass of the striking
member 10 1n a rather simple manner without having to
modily the diameter of the pressure channel 6 and the inlet
boundary surface 26 of the transier element 2.

For the generation of a pneumatic acceleration pulse
quickly opening and closing valves are suitable that are
arranged 1n the supply line. Since the acceleration process
temporarily requires larger volumes of air, 1t 1s advantageous
to provide an intermediate storage 25 in the supply line 48 that
1s 1deally arranged 1n the housing 4 and near the valve 16.

For a faster opening or switching of the valve 16, an electric
or electronic control circuit 17 1s used. In such a control
circuit 17, particularly high currents can be provided 1n the
opening phase, which are later lowered to normal level.
Switching times of less than 1 ms can be achieved with such
clectrically controllable valves 16. In general, the switching
times of the valve 16 should be below 5 ms, preferably below
3 ms. The opening period of the valve 1s between 3 and 35 ms,
for instance, depending on the working pressure and the strik-
ing frequency.

It 1s advantageous in order to reduce the required volumes
of pneumatic medium, preferably air, to keep the volume
necessary for an individual pressure pulse as small as pos-
sible.

An electric pressure switch 22 1s connected to the control
circuit 17 that controls the electrically or electronically con-
trollable valve 16. Therefore, the valve 16 1s integrated in the
housing 4 of the instrument.

The mstrument for the treatment of biological tissue 1s not
meant for the generation of only single pressure pulses, since
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medical indications rather require a larger number of pressure
pulses. Typical values are 1in the range between 1000 and S000
pulses, 1n certain special cases the number 1s significantly
higher. Therefore, the instrument 1s intended to be able to
provide this number of pulses 1n a short time to avoid any
unnecessary protraction of the treatment time.

In this context, the volume of the back-pressure chamber 8
should be set such that a back-pressure 1s built up that 1s
suificiently high to return the striking member 10. The higher
the back-pressure 1s, the faster the striking member 10 1s
returned. However, too high a back-pressure strongly decel-
crates the forward movement of the striking member 10 and
thus reduces 1ts 1mpact effect on the transier element 2.

Further, 1t has been found that not only the air volume
present in front of the striking member 10 bulds up the
back-pressure i the back-pressure chamber 8, but that in
addition, due to the working pressure behind the striking
member 10, aleakage volume tlows past the striking member
10 1nto the back-pressure chamber 8 and influences the mean
pressure prevailing there. Thereby, the parameters for return-
ing the striking member 10 are changed and, along with this
change, the predefined performance values of the apparatus
will change with the progress 1n treatment time. This can be
counteracted by additional means for adjusting the pressure
in the back-pressure chamber 8.

The pressure 1n the back-pressure chamber 8 can be lim-
ited, for example, connecting the back-pressure chamber 8 to
atmosphere by means of a throttle-like opening 61 in the
back-pressure chamber 8 and by means of small openings 62.

The opening 61 1n the back-pressure chamber 8 may be
provided, for example, in the screw 56 shown 1n FIG. 2 or in
the valve 60 as 1llustrated 1n FIG. 3.

Through these openings 61, 62 to atmosphere, the pneu-
matic medium can flow out and thus reduce the back-pressure
in the back-pressure chamber 8. If the pressure 1n the back-
pressure chamber 8 1s particularly high, a larger air volume
also tlows through the openings 61, 62.

As an alternative, a valve 60 may be provided which opens
or closes an opening 61 to atmosphere. This may be a pressure
limiting valve or a controllable valve that opens and closes, 1n
combination with a pressure meter, 1n dependence on a pre-
defined back-pressure in de back-pressure chamber 8.

As an alternative, a pressure relief valve may be provided
that opens automatically when a value to be set 1s exceeded.

If a higher pressure 1s needed 1n the back-pressure chamber
8, the back-pressure chamber 8 can also be connected to a
pressure storage via a switchable valve 60, wherein a connec-
tion can be made to the intermediate storage 25 or to a sepa-
rate pressure storage for the back-pressure chamber 8.

The screw 36 threaded into the sleeve 33 near the distal end
of the housing 4 serves as a anti-rotation means and a stop
means for limiting the stroke of the spring 31. The screw 56 1s
guided in a groove 58 of the housing 4. The screw may also be
provided with the opening 61.

Instead of the screw 36, 1t 1s also possible to provide a valve
60 with an opening 61 at this position, which connects the
back-pressure chamber 8 to atmosphere. As can be seen in
FIG. 3, the back-pressure chamber 8 may be connected to
atmosphere via the valve 60, e.g. a pressure relief valve, so
that the maximum pressure 1n the back-pressure chamber 8
can be controlled. In this case, the outer wall of the housing 4
has openings 62 to atmosphere provided in the region of the
groove 38.

A connection of the back-pressure chamber 8 to atmo-
sphere via an opening 61 or via a valve 60 for limiting the
pressure building up 1n the back-pressure chamber 8 1s appli-
cable both when the quick-action valve 1s controlled with
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respect to 1ts opening period and when the valve 1s controlled
only with reference to the striking frequency and the valve
opening period 1s constant.

A limitation or control of the pressure 1n the back-pressure
chamber 8 may also be effected 1n combination with a quick-
action valve 16 using variable control times and a variable
opening period of the valve.

In the simplest embodiment, the back-pressure chamber 8
merely has a narrow opening 61 1n the manner of a throttle site
connecting the back-pressure chamber 8 either to atmosphere
or to a further chamber, e.g. to the annular chamber located
below the groove 58, in which the sleeve 33 1s arranged. The
opening 1n the manner of a throttle site allows the back-
pressure 1n the back-pressure chamber to drop, especially
when high pressures prevail.

If the opening leads to a further chamber, the same 1s
preferably designed as an elastic pressure storage, ¢.g. in the
manner a balloon or 1n the manner of a piston/cylinder unit, in
which the piston can be displaced against the force of a spring.

For a control of the movement of the striking member 10,
it 1s also possible to control the control times of the valve 16
and the opening period of the valve 16. The striking member
10 1s returned to 1ts home position not only by the back-
pressure 1n the back-pressure chamber 8, but the impact on the
transier element 2 imparts further kinetic energy to the strik-
ing member 10 that thrusts the striking member 10 back
towards 1ts home position. Given a corresponding design of
the boundary wall 27 at the proximal end 20 of the pressure
channel 6, the elastic rear boundary wall 27 may also produce
an elastic thrust when colliding with the striking member 10,
so that a part of the kinetic energy of the rebound can also be
used for the forward movement of the striking member 10. To
achieve this, 1t 1s feasible to actively influence the movement
of the striking member. This may be done, for instance, by
setting the control times of the valve 16 varniably.

The control circuit 17 1s adapted to control the opening
period of the valve 16 as a function of at least one or a
combination of the following parameters, 1.¢. the parameters
of working pressure, striking frequency or pressure in the
back-pressure chamber 8. Moreover, the opening and closing
times of the valve 16 can be controlled. Alternatively or
additionally, the control circuit 17 1s adapted to control maxi-
mum pressure in the back-pressure chamber 8 as a function of
at least one or a combination of the following parameters, 1.¢.
the parameters of working pressure, striking frequency or
pressure in the back-pressure chamber 8. By controlling the
opening time and the opening period of the valve 16, the
striking member 10 can be optimized with respect to its
reciprocating movement such that, given a comparable work-
ing pressure, the striking intensity can be increased by up to
40%, and 1t 1s further possible to increase the striking fre-
quency. The improvement in striking intensity and striking
frequency 1s achieved without any enlargement of the device
and without any increase in working pressure, 1n any case
without a significant increase.

For monitoring and controlling the switching points of the
valve 16, measuring means may also be provided that detect
the position or the movement of the striking member 10 and
thus supply further information for controlling the switching
times to the control circuit 17. For example, the pressure in the
back-pressure chamber 8 can be measured, as well as reach-
ing a certain position of the striking member 10 1n the pres-
sure channel can be detected, using optical measuring meth-
ods, for instance.

This means that the detection signal which indicates that
the striking member 10 has reached a predetermined position
in the pressure channel 6 can be used in controlling the valve
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16. Thus, for example, the application of pressure to the
pressure channel 6 may be terminated already before the
striking member hits the transfer element 2.

Further, the back-pressure 1n the back-pressure chamber 8
can be limited to a value that guarantees for a sufficiently fast
returning of the striking member 10 to the proximal end
position.

It 1s feasible for a repeated striking that the striking member
10 1s self-returning. Several possible solutions exist to the
problem of returning the striking member 10. Thus, returning,
the striking member 10 can also be effected using a controlled
pneumatic pulse. A second valve can fulfill this task. To save
costs, only a single valve 16 could be used that 1s adapted to
alternately provide a pressurized air pulse for acceleration
and for returning, respectively.

A kind of pneumatic spring has proven 1tsell 1in practice.
Here, the air space in front of the striking member and a
back-pressure 8 in communication therewith form a closed
region that 1s reduced by the forward directed movement of
the striking member. Thereby, the pressure in this counter
pressure chamber 8 1s increased, whereby the striking mem-
ber 10 can be returned to 1ts home position after the acceler-
ating compressed air pulse has been switched off. The volume
of this back-pressure chamber 8 should be chosen such that,
on the one hand, the forward movement of the striking mem-
ber 10 1s not hindered too much by the back-pressure building,
up and that, on the other hand, the back-pressure built up 1s
suificiently high to return the striking member 10 to 1ts proxi-
mal home position fast enough.

If the striking member 10 1s located motionlessly near the
transier element 2, for from 1ts home position, it cannot be
returned to a functional state at the proximal end 20 without
any auxiliary means. A compressed air pulse would be use-
less. In order to return the apparatus to a functional state even
in such situations, a small connecting opening between the
back-pressure chamber 8 and the rear part of the pressure
channel 6 may be provided. As a result, air can flow 1nto the
back-pressure chamber 8 so that the pressure therein will rise.
Thereby, the striking member 10 can be returned to 1ts mitial
proximal home position.

The instrument illustrated 1 FIG. 1 1s supplied by a pneu-
matic drive means 14, preferably a compressor with a pres-
sure vessel, with a supply pressure via the conduit 48 and the
connection 32. The supply pressure 1s used to bring an inter-
mediate storage 25 in the housing 4 to a pre-settable working
pressure, for instance, 3 or 4 bar.

However, 1t 1s preferred that the supply pressure of the
pressure vessel of the pneumatic drive means 14 already 1s at
the working pressure, so that the intermediate storage 23 in
the housing 4 can always be quickly refilled with pneumatic
medium under the chosen working pressure, even as the inter-
mediate storage 23 1s emptied.

The pneumatic medium, preferably air, 1s supplied to the
pressure channel 6 via the conduit 15 and a quick-acting,
preferably electromagnetically controlled valve 16, as well as
via the conduit 19q and the conduit 21, as well as the openings
22 uniformly distributed over the circumierence of the pres-
sure channel 6, whereby the striking member 10 can be accel-
crated from a home position at the proximal end 20 of the
pressure channel 6 to a distal position. At the distal end 18 of
the pressure channel 6, the striking member 10 hits the rear
end face 26 of the transier element 2 1n a bullet-like manner
and at a high velocity. Since the transier element 2 1s substan-
tially at rest, the impact energy 1s transformed into a shock
wave-like pressure wave which 1s coupled into the body at the
distal front face 24 of the transfer element 2. The air which,
due to the working pressure, expands in the space 28 behind
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the striking member 10 causes a compression of the air in the
space 29 1n front of the striking member 10, which air 1s
introduced via openings 46, which are distributed over the
circumierence of the pressure channel 6, into a back-pressure
chamber 8 preferably surrounding the pressure channel 6 1n
an annular cylindrical manner. The distal end of the pressure
channel 6 may have slots 47 1n the region distally in front of
the openings 46, so that the air in front of the striking member
10 can still escape through the openings 46 into the back-
pressure chamber 8. As can be seen 1n from the Figures, a
connecting opeming 50 between the pressure channel 6 and
the back-pressure chamber 8 may be provided near the distal
end 18 behind the striking member 10 1n the position 1llus-
trated, which opening serves to also introduce the pressure
prevailing 1n the space 28 1nto the back-pressure chamber 8 as
soon as the striking member 10 has passed the connecting,
opening 50. Thus, a certain pressure equalization can be
achieved between the two chambers, wherein the speed of the
pressure equalization can be controlled by the diameter of the
connecting opening 50.

It 1s essential that sullicient pressure prevails 1n the back-
pressure chamber 8 after the striking member 10 has hit the
transier element 2, which pressure allows returning the strik-
ing member 10 1n 1ts proximal position. In this context, 1t 1s
also important that, after the impact on the transter element 2,
a part ol the kinetic energy of the striking member 10 1s
maintained by the elastic rebound from the transier element 2,
so that the pressure prevailing in the back-pressure chamber 8
can act to return the striking member 10.

Also at the proximal end 20 of the pressure channel 6,
provisions have been made so that, 1n order to accelerate the
striking member 10, the working pressure can get behind the
striking member 10 when a series of striking pulses 1s first
triggered. When a plurality of pulse series 1s executed, the rear
boundary wall 27 of the pressure channel 6 may have elastic
properties so that the striking member 10 can bounce back
from the boundary wall 27 in the manner of an elastic impact.
A magnet 52 may be arranged behind the boundary wall 27,
which can retain the striking member 10 1n the proximal end
position when the pulse series are ended.

The transier element with the head part 5, the pressure
channel 6 and a sleeve 33 delimiting the back-pressure cham-
ber 8 to the outside, can be moved 1n the proximal direction
against the action of a compression spring 31, so that the
transier element can always be pressed against the biological
tissue with a defined maximum contact pressure. On the one
hand, the compression spring 31 abuts on a bead 34 of the
sleeve 33 and, on the other hand, 1t abuts on the housing 4.
Thus, the compression spring 31 prevents an excessive con-
tact pressure of the transier element 2 exerted on the biologi-
cal tissue by an operator, e.g. via the end cap.

When the switch 22 1s actuated, the electronic control
circuit 17 causes the displacement of the valve 16 into the
position illustrated 1n FIG. 1, so that the working pressure can
flow from the intermediate storage 25 into the space 28 1n the
pressure channel 6. Thereaiter, the control circuit 17 can
control the opening period of the valve 16 as a function of the
working pressure applied, the striking frequency set or the
pressure 1n the back-pressure chamber 8, and 1t may 1n par-
ticular also determine the opening and closing times 1n the
event of pulse series. In this manner, the pneumatic energy
can be used more efliciently. In dependence on the above
parameters, the control circuit 17 may also account for time
delays due to inertia effects so that the switching times are
always controlled 1n an optimum manner 1n terms of a more
eificient utilization of energy.
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In the closed position of the valve 16, as illustrated i FIG.
2, the connection between the connecting conduit 15 and the
channel 194 1s closed, while the connection between the
channel 196 and the outlet 54 of the valve 16 1s open, which

pressure from the pressure channel 6.

The mvention claimed 1s:

1. An mnstrument for the treatment ol biological tissue,
comprising a housing in which are arranged a ballistic gen-
erator for generating extracorporeal shock wave pressure
waves and a transier element permanently placed on the bio-
logical tissue for coupling said pressure waves into the bodies
of living beings, said transfer element coupling non-focused,
ballistically generated, shock wave pressure waves into said
biological tissue, which are generated by a reciprocating
striking member accelerated to a final velocity of more than 5
meters/second by means of a pneumatic medium under work-
ing pressure 1n a pressure channel and striking said transfer
clement, a distal end of said pressure channel at which the
transier element 1s arranged being connected with a back-
pressure chamber into which the pneumatic medium present
distally of the striking member can tlow as the striking mem-
ber 1s accelerated towards the transfer element,

wherein a quick-action valve releases the pneumatic

medium under working pressure into the pressure chan-
nel, wherein a control circuit controls the opening period
ol the valve as a function of at least one or a combination
ol the parameters of working pressure, or pressure 1n the
back-pressure chamber, resulting in the valve opening
and/or closing as a function of at least one of the param-
cters of working pressure or pressure in the back-pres-
sure chamber.

2. The instrument of claim 1, wherein the pressure 1n the
back-pressure chamber 1s controlled by a controllable pres-
sure relief valve as a function of at least one of the following
parameters, striking frequency or pressure in the back-pres-
sure chamber.

3. The instrument of claim 1, wherein said quick-action
valve releases said pneumatic medium from an intermediate
storage integrated 1n the housing, which butfers the medium
at a predefined working pressure.

4. The instrument of claim 3, wherein the intermediate
storage comprises elastic walls or at least one elastic wall.

5. The instrument of claim 1, wherein intermediate buller
1s arranged near the pressure channel and 1s pneumatically
connected to the pressure channel via said valve through a
connecting conduit which 1s shorter than the length of the
pressure channel or short.

6. The mstrument of claim 1, wherein in a supply conduit
for the pneumatic medium an intermediate storage 1is
arranged.

7. The instrument of claim 1, wherein a second valve
releases a pneumatic pressure into the back-pressure chamber
for the return movement of the striking member.

8. The instrument of claim 1, wherein the volume of an
intermediate storage 1s at least half the volume of the pressure
channel volume or at least half the volume of the pneumatic
medium required 1n one stroke of the striking member.

9. An mstrument for the treatment of biological tissue,
comprising a housing in which are arranged a ballistic gen-
erator for generating extracorporeal shock wave pressure
waves and a transier element permanently placed on the bio-
logical tissue for coupling said pressure waves into the bodies
of lving beings, said transier element coupling non-focused,
ballistically generated, shock wave pressure waves into said
biological tissue, which are generated by a reciprocating

channel may be connected to atmosphere for the relief of 5
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striking member accelerated to a final velocity of more than 5
meters/second by means of a pneumatic medium under work-
ing pressure 1n a pressure channel and striking said transfer
clement, a distal end of said pressure channel at which the
transier element 1s arranged being connected with a back-
pressure chamber 1nto which the pneumatic medium present
distally of the striking member can tlow as the striking mem-
ber 1s accelerated towards the transfer element, wherein a
quick-action valve releases the pneumatic medium under
working pressure into the pressure channel 1n dependence on
the striking frequency set, wherein an opening in the back-
pressure chamber limits the pressure building up 1n the back-
pressure chamber,

wherein said opening of the back-pressure chamber 1s

formed by a narrow orifice or by a pressure relief valve.

10. A method for generating shock wave pressure waves
pressure waves 1n an instrument for the treatment of biologi-
cal tissue, wherein a ballistic means generates extracorporeal
shock wave pressure waves and a transfer element perma-
nently placed on the biological tissue couples said pressure
waves 1nto the bodies of living beings, wherein non-focused,
ballistically generated, shock wave pressure waves are
coupled 1nto said biological tissue, which are generated by a
reciprocating striking member accelerated to a final velocity
of more than 5 meters/second by means of a pneumatic
medium under working pressure 1n a pressure channel and
striking said transfer element, a distal end of said pressure
channel at which the transfer element 1s arranged being con-
nected with a back-pressure chamber into which the pneu-
matic medium present distally of the striking member 1s 1intro-
duced during the stroke movement of the striking member
towards the transter element, characterized by controlling the
opening period ol a quick-acting valve, releasing the working
pressure into the pressure channel, as a function of at least one
or a combination of the parameters of working pressure or
pressure 1n the back-pressure chamber.

11. The method of claim 10 wherein limiting the maximum
pressure in the back-pressure chamber as a function of one or
a combination of the parameters of working pressure, striking
frequency, or pressure in the back-pressure chamber.

12. A method for generating shock wave pressure waves in
an mstrument for the treatment of biological tissue, wherein a
ballistic means generates extracorporeal shock wave pressure
waves and a transfer element permanently placed on the bio-
logical tissue couples said pressure waves into the bodies of
living beings, wherein non-focused, ballistically generated,
shock wave pressure waves are coupled 1nto said biological
tissue, which are generated by a reciprocating striking mem-
ber accelerated to a final velocity of more than 5 meters/
second by means of a pneumatic medium under working
pressure 1n a pressure channel and striking said transier ele-
ment, a distal end of said pressure channel at which the
transier element 1s arranged being connected with a back-
pressure chamber 1nto which the pneumatic medium present
distally of the striking member 1s introduced during the stroke
movement of the striking member towards the transier ele-
ment, characterized by introducing the working pressure into
the pressure channel by means of a quick-acting valve in
dependence on an adjustable striking frequency and limiting
the pressure in the back-pressure chamber by partly venting
the back-pressure chamber as the pressure builds up wherein
the venting 1s made by using an opeming 1n the back-pressure
chamber, wherein said opening of the back pressure chamber
1s Tormed by a narrow orifice or by a pressure relief valve.
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